The anaesthetic record is an essential component of every episode of anaesthesia care, the requirements for which, for practice in Australia and New Zealand, are outlined in the Australian and New Zealand College of Anaesthetists' Professional Document PS6 1 . Similar guidelines are also produced by the Royal College of Anaesthetists 2 and the American Society of Anesthesiologists 3 . A complete record is valuable, primarily as an accurate guide to immediate and subsequent patient management, but it also contains data that have an important role in research and quality assurance [4] [5] [6] [7] [8] . Furthermore, complete records have important medicolegal implications [9] [10] [11] [12] and an expanding role in costing and billing calculations [13] [14] [15] .
Traditionally, anaesthetists have used handwritten records, however a number of publications have found these to be frequently inaccurate, incomplete and illegible [16] [17] [18] [19] [20] [21] . Furthermore, in a confidential survey of New Zealand anaesthetists, nearly half admitted to intentionally altering or omitting observations and events 22 .
A number of electronic anaesthetic record systems have been developed to improve on the deficiencies found in the handwritten approach 23, 24 . One of these is the Integrated Injectable Drug Administration and Automated Anaesthesia Record System (IDAS). IDAS was first introduced into anaesthetic practice in Auckland in 1998 and subsequently replaced handwritten records in routine practice throughout most of the Auckland District Health Board between March and November 2005. IDAS has been evaluated 25, 26 , primarily as a safer drug administration system, but it has yet to be established whether the use of this system can provide a more complete anaesthetic record.
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A sample of 70 handwritten records was randomly selected from anaesthesia performed in the month prior to implementation of the Integrated Injectable Drug Administration and Automated Anaesthesia Record System and compared to a similar sample of electronic records generated eight months later. A comprehensive scoring system, based on the Australian and New Zealand College of Anaesthetists' guideline PS6, was used to compare the completeness of information throughout the entire intraoperative record.
There was no significant difference in the total score for completeness between electronic (78%) and handwritten (83%) records (P=0. 16) . Handwritten records were more complete with respect to weight (P <0.0001), American Society of Anesthesiologists' physical status score (P <0.0001), the size and type of artificial airway used (P=0.003) and a record of the surgeons involved (P=0.0004). Electronic records were more complete with respect to a record of drug administration including intravenous drugs (P <0.0001), vapour (P=0.0001) and nitrous oxide/oxygen (P <0.0001), a record of end-tidal carbon dioxide monitoring (P=0.006) and the level of trainee supervision (P=0.0002).
There was no overall difference in the completeness of electronic versus handwritten records. Several differences did exist however, highlighting both clinically important advantages and deficiencies in the electronic system. Records from both systems sometimes lacked important information.
In this study a comparison of handwritten and electronic intraoperative records was performed, in order to test the hypothesis that electronic records are more complete.
METHODS
This study was conducted as part of hospital approved quality assurance activities in a large tertiary paediatric teaching hospital in Auckland, New Zealand. Patient consent was not required and anonymity was maintained. A record of all anaesthetics performed during March 2005 (618 cases) and November 2005 (718 cases) were obtained retrospectively from an electronic database.
During March, anaesthetics were recorded by hand on a standard preformatted record incorporating extensive checklists and free text entries. The November records were electronic IDAS records printed at the completion of each case and placed in the patients' notes in an identical fashion to the handwritten records. Both have adequate fields to allow the record to conform to Australian and New Zealand College of Anaesthetists' guidelines if completed by the anaesthetist. The IDAS records are also saved to a separate database, but this is not universally accessible and it does not show additions to the record that are made by hand postoperatively. Upon discharge all records are scanned into the hospital electronic record system (CRIS). Both electronic and handwritten records were manually retrieved for this study from the CRIS database.
The IDAS system has been well described previously 24 and a further description including photographs of the system in use can be viewed online 27 . A computer with IDAS installed, mounted on the anaesthetic machine, automatically collects general patient demographics from the hospital patient information system and, via a serial connection to the patient monitor, physiological data and gas and vapour analysis. Other data fields are entered into the computer manually, either using a barcode reader to scan labelled drug syringes or sheets of barcoded events that are commonly used to describe the anaesthetic, or by using the keyboard to directly type in comments or the mouse to select events from drop-down menus.
A sample of 70 records for each month was randomly selected using an electronic random number generator. Ten handwritten and seven electronic records could not be found on CRIS. Three records during November were recorded in handwritten format for unknown reasons and these were excluded from the analysis. Therefore there were a total of 60 electronic and 60 handwritten records available for comparison.
Using Australian and New Zealand College of Anaesthetists' Professional Document PS6 1 as a guideline, a number of data fields were selected to allow comparison for completeness of important information in the intraoperative records.
A scoring system was designed to help facilitate the comparison. For each field a score was given by the observer (an advanced anaesthetic trainee familiar with both types of records). A score of zero was allocated if no entry was made. Eleven fields required more than a single entry to complete or were considered essential information and were allocated a maximum score of two or given a score of one if partly complete ( Table 1) .
Where possible, the accuracy of an entry was validated by looking at a variety of clinical documents on CRIS such as operation notes and other patient management recordings. However, because most of the data were recorded exclusively in the anaesthetic record, it was not always possible to confirm the accuracy of an entry in retrospect.
Non-scored data were also collected. These were used to define the sample characteristics, to quantify intravenous drug administration and to rate the urgency of the operation (acute or elective). Microsoft Excel was used to record the data. Subsequent statistical analysis was performed using JMP Statistical Discovery Software (SAS Institute Inc., Cary, NC, USA) and StatsDirect software (StatsDirect Ltd, Auckland, New Zealand). The study has up to 80% power to detect a 20% true population difference in the proportion of scores between each category. In practice in this study sample, score counts needed to differ between electronic and hand by more than 6 (10%) to be statistically significant. Scored and categorical data were compared using Fisher's exact test. The numerical data were non-continuous or not normally distributed and were therefore compared using Wilcoxon's test. For all statistical analyses a P value <0.05 was considered significant.
RESULTS

Non-scored data
There was no statistically significant difference in the clinical characteristics used to define the samples of electronic and handwritten records ( Table 2 ). The electronic sample consisted of 33% female patients' records compared to 42% in the handwritten sample (P=0.45).
The electronic records contained 48% acute cases versus 63% in the handwritten charts (P=0.14). There was also no difference in the median scores for completion between acute or elective cases and this was consistent whether assessed in combination (P=0.71) or separately as electronic (P=0.82) or handwritten (P=0.76).
There was no difference in the ability to retrieve records from the CRIS database. A record could be found in 90% of the electronic and 83% of the handwritten samples (P=0.45).
More intravenous medication administration was recorded in electronic records and the dose (P=0.001) and timing (P=0.0009) could be correctly identified more often (Table 3) .
A record of intraoperative antibiotic administration was evident in 70% of electronic and 72% of handwritten records (P=1.0).
It was noted subjectively that the handwritten records were at times difficult to read, and on two occasions the free text was almost illegible. With the electronic records however, when recorded, the entries were always legible.
Scored data
The total scores for completion of electronic (median [range] = 31 [17 to 38] , 78%) and handwritten records (median [range] = 33 [22 to 38] , 83%) were not significantly different (P=0.16).
A comparison of scored data is summarised in Table 4 .
Of particular note, all records had the patient's name, age, hospital number and hospital name recorded 100% of the time. Other demographic data such as weight (P <0.0001) and American Society of Anesthesiologists' physical status score (P <0.0001) were recorded more often in the handwritten charts.
Handwritten charts were also more likely to have both surgeons recorded (P=0.0004), however at least one surgeon was documented in 85% of electronic and 77% of handwritten records.
The size and type of artificial airway used were more likely to be recorded fully in handwritten charts (P=0.003) but there was no difference in the recording of a description of airway management (P=0.39).
The record of medication was more often complete in the electronic charts' intravenous drugs (P <0.0001), vapour (P=0.0001) and nitrous oxide/ oxygen (P <0.0001).
The level of trainee supervision was recorded in 68% of electronic but only 33% of handwritten charts (P=0.0002).
High scores were given in both groups for completion of details of essential patient monitoring. There was a trend towards electronic records being more complete, but this was statistically significant only when recording end-tidal carbon dioxide (P=0.006). An estimate of fluid and blood loss was completed infrequently in both groups, but tended to be better in electronic records although this was not statistically significant (P=0.07).
The site of cannula insertion (P=0.08) and details of anaesthetic technique (P=0.15) tended to be more complete in handwritten records although neither reached statistical significance.
DISCUSSION
This study compared electronic (IDAS) and handwritten records and showed that overall there was no significant difference in the completeness of information. There were however, significant differences between the two when particular parts of the record were analysed. Important demographic data were generally completed well in both systems. For handwritten charts, most of this information is contained on the preprinted hospital labels. The electronic system generates equivalent information automatically from the hospital information system. Both these methods proved reliable. Of particular note, the handwritten charts provided a more complete description of the type and size of airway used. This is important clinical information and is valuable for subsequent anaesthetists, particularly in the paediatric population. For this information the handwritten charts have a section that only requires ticking of preprinted responses that are readily visible. The electronic form contains this information in a separate 'events' window that was sometimes completely missed. Problems with the electronic user interface are commonly cited as a cause of incomplete records and reduced user satisfaction 28, 29 and this is an area for further research and improvement.
Software can continuously scan for missing clinical information and can alert the anaesthetist. Hard stops may be included in the software which can prevent the record from being printed or saved until essential information has been completed. At the time of the study the IDAS system contained such a requirement in only the patient allergy field. Systems using this technology have already been shown, in limited respects, to improve the completeness of anaesthetic records 14, 15, 30 . From such reports it is difficult to establish whether electronic reminders would be practicable and effective in producing a clinically significant improvement in completeness of the record as a whole, especially during the intraoperative process. Also, concern has been raised that an excessive number of intraoperative alarms and reminders may serve to distract the anaesthetist from important clinical work 28, 29 .
The record of patient position was complete in only one-third of charts. This is important if the patient were to suffer from any complications that could be attributed to poor positioning.
A significant number of both electronic and handwritten records were not able to be retrieved from CRIS. While administrators have access to the separate IDAS database system itself, which includes a backup copy of the record, this copy is not checked or signed, does not contain any handwritten additions or a record of post-anaesthetic care unit stay and is not universally accessible. Because of this the IDAS database copy was not included as the copy for analysis. The loss of records is significant for clinical practice, research and medicolegal reasons. Our results do, however, compare favourably with another publication showing that manual anaesthetic charts could only be recovered in 40% of patient notes 21 .
A number of studies have directly compared handwritten and electronic records [31] [32] [33] [34] [35] [36] . They have established that electronic charts produce more accurate records of physiological variables. From this information it is widely reported that electronic records are more complete, legible and accurate. However, this is based largely on conclusions drawn from analysis of only the automated component while excluding the many other data fields required to complete an electronic record. Furthermore, the records analysed in most of these dated studies are very different from the modern equivalents, which makes it difficult to translate these results to modern practice.
Other studies have not always confirmed a significant reduction in recording time with electronic records. They have, however, concluded that anaesthetists are better able to organise their intraoperative activities and that vigilance is not adversely affected despite concerns that information is not mentally absorbed if not manually recorded 37, 38 .
Our study found that electronic charts were more likely to contain a legible record of drug administration, which represents an important and clinically significant advantage. In contrast, although there was a trend suggesting more complete documentation of physiological variables in electronic charts, this was statistically significant only for end-tidal carbon dioxide monitoring. In contrast to some of the previous studies, we did not assess the accuracy of these variables and therefore it is possible that they suffer from the same inaccuracies detailed above. This is a major disadvantage of handwritten charts.
A large retrospective study was recently published which analysed the completeness of 2838 electronic records and found that their system continued to lack important clinical information 29 . The authors found that the system design and user interface were important determinants of completion, with hindrances being requirements for free text entries, multiple or inconsistent steps to enter data and entries deeply buried in menus.
A number of studies looking at handwritten records in isolation have shown completion rates that are generally lower than ours [16] [17] [18] 39 . The relatively high completion rates for handwritten charts in our study may help to explain why we could not demonstrate a significant difference.
Devitt et al 17 found completeness of physiological variables in handwritten records to be less than 37%, however these results were obtained in a simulator
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Anaesthesia and Intensive Care, Vol. 38, No. 6, November 2010 during critical events and it is difficult to generalise these to standard clinical conditions. Raff et al 18 audited 284 handwritten records in a South African hospital. Only 29.9% were deemed complete or legible, while in 25% of cases no record was used at all. Of those partly completed, vital sign data were deemed not intelligible in 53% and absent in 19.5%, medication use was not recorded in 12.5% and illegible in 26.5%, and notes on preoperative assessment were absent in 78.1%.
Falcon et al 39 analysed 2422 handwritten records which were deemed correct in 72%, the worst result being 63% for preoperative assessment. They also showed that recording was poorer during emergency surgery than elective (P <0.01), but there was only a 2% actual difference in scores. Nevertheless, these results do contrast with ours which fail to show a significant difference in completion rates between elective or acute situations, bearing in mind their study would have significantly more power to detect a difference.
Rowe et al 16 analysed text entries in 197 handwritten records, which showed that the mean proportion of omissions was 35%. They also found that the greatest accuracy was for demographic information. Preoperative information was often omitted as were details of intraoperative fluid administration. Although the overall result was lower, the trends compare well with ours.
A limitation of this study is the inability to accurately confirm in retrospect the accuracy of all documentation.
It was also not possible to blind observers during data collection. Another potential source of bias was in the scoring system which was designed to provide some fields with three possible scores. The system was intended to allow some credit to be awarded for fields not fully complete but still providing some useful clinical information. In this way a fairer comparison could be obtained between the two, but this did introduce an element of subjectivity into the scoring with potential for inconsistencies.
This study was in part designed to assess the impact of the transition period from handwritten to electronic records. As a consequence, the anaesthetists involved had greater experience with the handwritten forms. It has been suggested that there is a learning curve associated with using the IDAS system 24 . Also, in a survey of anaesthetists using another electronic system, they found that those with adequate user training rated themselves as better skilled at using it 28 . However the electronic system was simple to use and generally anaesthetists felt comfortable using it within a short period. Although this has not been formally examined with IDAS, Vigoda et al have reported that with their electronic system and sufficient training, most users were confident within a week 11 .
The study was conducted exclusively in the paediatric population. The patients had a median American Society of Anesthesiologists physical status score of I and underwent relatively short cases. Whether longer cases in patients with greater co-morbidity would affect record completeness has yet to be determined. However this should not have affected the ability of the study to directly compare the records for completion. Nevertheless, we must be mindful of this when evaluating these results in the context of the general population.
In conclusion, this study has found no overall significant difference in the completeness of information between electronic and handwritten records. Several differences did exist however, highlighting both clinically important advantages and deficiencies in the IDAS system.
